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Extended vector meson dominance model, that allows to describe the electromag- 
netic form factors of nucleons obeying the asymptotic quark counting rule prescrip- 
tions and contains the minimal number of free parameters, is presented. We get 
a reasonable fit of form factors over experimentally available space-like region of 
momentum transfer and get also reasonable results in the time-like region. 
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I. INTRODUCTION 



In a series of our papers an extended vector meson dominance model was successful 
applied to the description of electromagnetic transition form factors of nucleon resonances 



ly 
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that are necessary to find out the dilepton outcome from the decays of these resonances 
produced either in proton-proton [2] or in heavy ion collisions 3,4]. We didn't say anithing 
about how the same model could describe the fundamental elecrtomagnetic form factors of 
nucleons themselves. Although these form factors were the subject of considerations of many 

^| for the elongeted list of references) including the extended 
6| we would like to apply our own version of extended 
vector meson dominance model to the description of nucleon form factors. It contains the 
minimal number of free parameters and gives a reasonable result. 



other models (see the review 
vector meson dominance model itself 
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II. NUCLEON ELECTROMAGNETIC FORM FACTORS IN THE SPACE-LIKE 

REGION 

Electromagnetic form factors of nucleoli F^(q 2 ), F 2 {q 2 ) describe its electromagnetic 
current 

< N(p')\J,\N(p) >= u{p>){F?{q 2 ) lp + a^F 2 N (q 2 ))u(p) (1) 

and define the elastic scattering of electrons off nucleons in the space-like region q 2 = —Q 2 < 
and electron-positron annihilation to nucleon-antinucleon in the time-like region q 2 > 0. 
The values of form factors at origin F^(0), F^(0) are connected to the charges and anomalos 
magnetic moments of nucleons and are equal for proton and neutron to 

Ff (0) = 1, Ff (0) = 1.79, F™(0) = 0, F 2 n (0) = -1.92 . (2) 

Quark counting rules predict the asymptotics of form factors in the space-like region 
Q 2 -f oo 

F i N (Q 2 )~^ F 2 N {Q 2 )^^. (3) 
In extended Vector Meson Dominance (eVMD) model such asymptotics comes from destruc- 
tive interference of ground and excited states of vector mesons V, V, V" 



/.'A i /">2 \ F»(0) + c N Q 2 fN(q2) i^(0) f|) 

1 + %r)(l + ^)(1 + ^) (1 + ^)(1 + ^t)(1 + 

Isovector Ff(Q 2 ), F 2 P (Q 2 ) and isoscalar F?(Q 2 ), F£(Q 2 ) form factors are defined as linear 
superpositions of proton and neutron form factors 

n , Fl 2 (Q 2 )- F?JQ 2 ) _ FfJQ 2 ) + FV-JQ 2 ) 

FUQ 2 )= ' 2 ' — , F- 2 (g 2 )= X ' 2WJ ^ '- 2lVi (5) 

and are described the coupling constants of p and u family mesons to nucleon (fi% , ...)and 
to photon (g p , ...) respectively 

o , K N 2 N < fff N ml ff 2 NN m 2 

1,2 W> 9p ™ 2 p + Q 2 + g p> m 2 pl +Q 2 + g p „ m 2 „ + Q 2 W 

fuiNN 9 mlj'NN 9 fw"NN 9 

F " (fl 2 ] = ' 2 " 4- u ' 4- — ^ u) " (7) 

9. ml + Q 2 9.' ml + Q 2 9»» ml»+Q 2 ' { > 

The masses of p and uo family mesons are assumed to be the same and this allows to set 
an equivalence between the multiplicative forms (4) and additive forms (following from eqs. 
(5) - (7)) for proton and neutron form factors. 
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With the choice m p = m u = 0.770 GeV, m p > = = 1.250 GeV, m p » = m^n = 1.450 
GeV (as was used before in the case of electromagnetic transition form factors of nucleon 
resonances |lj) we have two free parameters to describe form factors in the space-like region: 
c p and c n . They were fitted and are equal to c p = 0.463 GeV -2 and c n = -0.297 GeV" 2 . 
The results of the fit are presented in q 2 = —Q 2 < regions of the Fig.l and Fig. 2 where 
electric and magnetic form factors 

G N E = F» + JLf», G N M = iff + Ff (8) 

are shown. At small Q 2 the decomposition ~ F^(0) — ^Q 2 < r 2 N > defines the charge 



radii of proton ^J< r 2 > = 0.83 fm (exp: 0.875 fm) and neutron < r 2 >= —0.06 fm (exp: 
-0.113 fm 2 ). 

For known coupling constants of the photon to p and u mesons g p = 5.03 and g u = 17.1 
their coupling constants to the nucleon are equal to 

ff N = 3.02, ff N = 20.8, if™ = 17.2, f£ NN = -2.47 (9) 



what is close to corresponding coupling constants used to describe Bonn potential |8| of 
nucleon-nucleon interaction: ff N = 3.2, ff N = 19.8, ff NN = 15.9, ft NN = 0. 



III. NUCLEON ELECTROMAGNETIC FORM FACTORS IN THE TIME-LIKE 

REGION 

In time-like region the finite widths of vector mesons should be taken into account 
2 , _ f$ N rn 2 p t f( 2 NN m 2 p , 



g p m 2 - irripTp - q 2 gy m 2 , - im p ,Y p , - q 1 
9 P » m 2 p/l - im p nV p „ - q 2 

fuNN 2 fu'NN 2 

*iAq = — — — 9. — 7zr~n j?. + 



9u m l - imuTu - q 2 g^ m 2 , - im^T^ - q 2 

fuj"NN 2 
J 1,2 m uj" 



+ 



fty' ml„ - im^Y^n - q 2 
= 0.0085 GeV, Y p > = 

0.500 GeV. The exact values of the widths are not very important when we are far from 



We took T p = 0.150 GeV, T w = 0.0085 GeV, T p > = r w / = 0.300 GeV, T p „ = T u 
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the resonance region. Figs. 1,2 show the prediction of eVMD model for time-like q 2 > 0. 
Experimental data were obtained with the assumption \G P E \ = \G P M \ in the case of proton and 
with the assumption \G E \ = in the case of neutron Q]. Theoretically we have \G E \ > \G^\ 
and their ratio grows with q 2 . This means that for large q 2 the experimental points for \G^\ 
should go significantly lower what is appreciated. Our results on IG^I/IGmI ra ti° can be 
considered as the predictions for the future (like FAIR) antiproton facilities. 

In the unphysical region of q 2 , < q 2 < 4m 2 , indicated on Figs. 1,2 by vertical lines the 
resonance peaks of vector mesons (the largest one of u meson) are clearly seen. 



IV. CONCLUSION 



An extended vector meson dominance model with a minimal number of free parameters 
is applied to the description of electromagnetic form factors of nucleons. The couplings of 
ground state p and uj mesons to the nucleons are calculated and appear to be close to those 
of Bonn potential model of nucleon interaction. In the time-like region the absolute values of 
electric form factors are considerably larger than those of magnetic form factors and this can 
be used in the reanalysis of experimental data obtained with the assumption \G P E \ = \G P M \ 
in the proton case and \G E \ = in the neutron case. 
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FIG. 1: The modulus of magnetic form factor (up) and of the ratio of electric to magnetic form fac- 
tors (down) of the proton in space- and time-like regions (for space-like region we use experimental 
data cited in review Qj). 




FIG. 2: The modulus of magnetic form factor (up) and the modulus of electric form factor (down) 
of the neutron in space- and time-like regions (for space-like region we use experimental data cited 
in review [5(). 



